The reliability of the determination of the most common substrates with the Ektachem 700 was evaluated. Accuracy control was performed in various ways including the comparison of results with reference method values. The influence of protein concentration was investigated systematically using sera containing varying amounts of protein obtained by ultracentrifugation. Creatinine. The results were in good agreement with reference method values, when the method was calibrated with the primary assigned values of the calibrators. At high protein concentrations, the results were higher than those of the comparative method.
, ,, , reagents become more popular, they should be evalThe new guidelines for quality assessment in clinical uated to determine whether the results agree with laboratories of the Federal Republic of Germany (1) those of reference methods for the analysis of control became valid in 1989. For accuracy control, the guide-sera, or whether e. g. matrix effects impede their aplines are based on reference method values as far as plication.
An important interfering constituent of the matrix may be protein, especially in dry-phase technology. An experimental design using ultracentrifugation was evaluated for a systematic study of the influence of protein concentration on the measurement of substrates.
Materials and Methods

Methods
Bilirubin
1. Ektachem slide (KODAK, Stuttgart, F.R.G.). A spreading and reaction layer and a control layer are held on a film support. After application of the sample, bilirubin is dissociated from protein by dyphylline and surfactant. All bilirubin fractions subsequently react with a diazonium salt to yield azobilirubin chromophores. The buffered control layer stabilizes the azo dyes, which are measured at 520 nm.
2. SMA-C (Technicon, Bad Vilbel, F. R. G.). In the comparative study (tab. 3) total bilirubin was determined, after dissociation from protein with caffeine-sodium benzoate, by reaction with diazotised sulphanilic acid, with correction for the sample blank.
Hitachi 704 (Boehringer Mannheim, Mannheim, F. R. G.).
Measurement was performed at two wavelengths after reaction with diazotised sulphanilic acid in the presence of an accelerator.
Cholesterol
1. Ektachem slide (KODAK, Stuttgart, F. R.G.). A spreading and reaction layer and a gelatine sublayer are coated on a film support. Serum cholesterol is dissociated from lipoproteins by a surfactant; cholesterol esters are hydrolysed enzymatically. Cholesterol is oxidized, forming hydrogen peroxide, which reacts with a leuco dye. The coloured product is measured at 540 nm.
2. SMA-C (Technicon, Bad Vilbel, F. R. G.). Cholesterol esters are hydrolysed by cholesterol esterase; free cholesterol is oxidized enzymatically to produce hydrogen peroxide, which in turn forms a quinoneimine dye from 4-aminoantipyrine and 4-hydroxybenzoic acid. Creatinine 1. Ektachem slide (KODAK, Stuttgart, F.R.G.). A spreading layer and two reagent layers are coated on a film support. Creatinine is hydrolysed enzymatically to form creatine, which is split into sarcosine and urea. Sarcosine is oxidized to glycine, formaldehyde, and hydrogen peroxide, which in turn forms a dye from a triarylimidazol derivative. Measurement is performed at 670 nm.
2. Hitachi 737 (Boehringer Mannheim, Mannheim, F. R. G.). Creatinine and creatine are hydrolysed enzymatically to sarcosine and urea. Sarcosine is oxidized to form glycine, formaldehyde and hydrogen peroxide, which forms a quinoneimine dye from 4-aminoantipyrine and a benzoic acid derivative.
3. SMA-C (Technicon, Bad Vilbel, F.R.G.). Creatinine was determined according to Jaffe, using alkaline picrate solution.
4. High performance liquid chromatography. The method was performed as described (2, 9). Glucose 1. Ektachem slide (KODAK, Stuttgart, F.R.G.)· A spreading layer and a reagent layer are held on a polyester support. In the reagent layer glucose is oxidised enzymatically, forming gluconate and hydrogen peroxide, which reacts with 4-aminoantipyrine and 1,7-dihydroxynaphthalene to produce a red dye. The latter is measured at 540 nm by reflected light.
2. SMA-C (Technicon, Bad Vilbel, F. R. G.). Glucose was determined enzymatically, using the coupled enzyme system, hexokinase/glucose-6-phosphate dehydrogenase.
Protein, total
1. Ektachem slide (KODAK, Stuttgart, F.R.G.). A spreading layer and a reagent layer are held on a film support. When the fluid penetrates the reagent layer, biuret reagent diffuses to react with the protein in the spreading layer. The coloured complex is measured by reflected light at 540 nm.
2. SMA-C (Technicon, Bad Vilbel, F. R. G.). Protein was determined by the biuret reaction and corrected for the sample blank.
Total glycerol/Triacylglycerols
1. Ektachem slide (KODAK, Stuttgart, F.R.G.). A spreading layer, scavenger layer and reagent layer are coated on a film support. When the serum is deposited on the analytical element, a surfactant aids in dissociating the triacylglycerols from lipoproteins. Triacylglycerols are hydrolysed by lipase. Glycerol diffuses to the reagent layer to be phosphorylated by adenosine triphosphate. Glycerophosphate is oxidised to form dihydroxyacetone phosphate and hydrogen peroxide, which reacts with a triarylimidazole derivative to produce a dye (wavelength of measurement: 540 nm). Its intensity correlates with the total glycerol content of the sample.
2. SMA-C (Technicon, Bad Vilbel, F. R. G.). Triacylglycerols were determined enzymatically. Urea 1. Ektachem slide (KODAK, Stuttgart, F.R.G.). A spreading layer, a semipermeable layer, and two reagent layers are held on a film support. In the upper reagent layer urea is split to ammonia and carbon dioxide. Ammonia diffuses through the semipermeable membrane to react with an indicator dye. Its intensity is measured at 670 nm.
2. SMA-C (Technicon, Bad Vilbel, F. R. G.). In the comparative study (tab. 3) urea was determined by reaction with diacetyl monoxime after dialysis.
3. Hitachi 704 (Boehringer Mannheim, Mannheim, F. R.G.). Measurement was performed after reaction with the coupled enzyme system, urease/glutamate dehydrogenase.
Uric acid
1. Ektachem slide (KODAK, Stuttgart, F.R.G.). A spreading layer, a scavenger layer, and a reagent layer are held on a film support. Uric acid migrates through the scavenger layer to the reagent layer, where it is oxidised to allantoin, carbon dioxide and hydrogen peroxide, which produces a chromophoric product from a leuco dye (wavelength of measurement: 670 nm).
2. Cobas Bio (Hoffmann-La Roche, Grenzach-Wyhlen, F. R. G.). Uric acid was determined enzymatically, using the coupled enzyme system, uricase/aldehyde dehydrogenase (Human, Taunusstein, F. R. G.).
Calibration
Calibration of the Ektachem 700 was performed according to the recommendations of the manufacturer, if not otherwise stated.
Sample preparation
Samples with different amounts of protein were prepared as described (see Part I) 1 ).
Quality assessment
The accuracy of the bilirubin, cholesterol, creatinine, glucose, protein, total glycerol ("triacylglycerols") and uric acid analyses was controlled with the aid of reference method values, which were determined by the authors as published (see references in the tables 
Results
Substrates
Bilirubin
Precision was adequate at high and even at low concentrations (tab. 1). In accuracy control the mean bias from the reference method values was +0.7% (tab. 2); no result exceeded the allowable limit of the guidelines (±21%) (1). The results from the Ektachem agreed well with those from the comparative method, when 129 native sera were analysed by both procedures (tab. 3). From experiments using ultracentrifuged sera, one may conclude that the bilirubin results are not influenced by the protein concentration
The mean relative standard deviation (1.9%) is far below the limit of the guidelines (1) (tab. 1). The mean deviation from the reference method values was + 0.3% (tab. 4) (allowable limits of the guidelines (1): + 18%). When native sera were analysed with the Ektachem in a comparative study, the mean values differed by -8.2% (tab. 3). There was no detectable influence of protein concentration on the Ektachem results ( fig. 2 ). 
Creatinine
Creatinine determination with the Ektachem 700 was rather precise (tab. 1). When the analyser was calibrated with "primary assigned values", the accuracy control showed satisfactory results (tab. 5). Calibration according to the recommendations of the manufacturer by use of "the supplementary assigned values" yielded results that differed by +11.7% (range 3 ) Reference method value as determined by the reference method (I.e. (8)).
-4.8% to +22.8%) from the reference method value (tab. 6). According to the guidelines (1) deviations up to ±18% are allowed. In a comparative study (2) , the Ektachem results were in good agreement with results obtained by high performance liquid chromatography and by an enzymatic procedure (tab. 3).
From experiments with ultracentrifuged sera, it was clear that the results were influenced by the protein concentration ( fig. 3) . At a protein concentration of 120 g/1, the results were 29% higher than those obtained with an enzymatic procedure, and they finally even exceeded the values obtained by the Jaffe-reaction. Paraproteinaemic sera yielded similar results. These findings were confirmed by analyses of native sera of different protein concentration (fig. 4 ). ) Reference method value as determined by the reference method (1. c. (9)). 
Glucose
The mean coefficient of variation was 1.0% (tab. 1). The mean bias was +1.0% in accuracy control with reference method values of control sera (tab. 7) (maximally allowable bias (1): ±15%). In a study with native sera (n = 133), the Ektachem results agreed well with those of the comparative method (tab. 3).
At high protein concentrations, however, the Ektachem results showed a positive bias. In the analysis of ultracentrifuged sera, the Ektachem results were 7% higher than those obtained with a comparative method at 120 g/l protein ( fig. 5 ). Similar results were obtained with paraproteinaemic sera and with native sera of high protein concentration ( fig. 6 ). 3 ) Reference method value as determined by the reference method (I.e. (10)). 
Total glyceroljTriacylglycerols
The determination of total glycerol was precise (tab. 1). In accuracy control, a large bias was obtained (tab. 9). The mean deviation from the reference method values was +32.1%, far exceeding the limits of the guidelines (1) 3 ) Reference method value as determined by the reference method (I.e. (13)).
Control serum however, which was performed with native sera, mean Tab. 10 . Urea values differed only by 4-2.7%, even though the comparative results were obtained by SM A-C determining triacylglycerols (tab. 3). The influence of protein on the results was investigated by the analysis of ultracentrifuged sera; a bias of 10.7% at 120 g/1 protein was observed ( fig. 7) .
Urea
Imprecision was small and the coefficient of variation far below the limit (8%) (1) Ektachem measurements was evaluated by comparison with method-dependent assigned values (method: urease/glutamate dehydrogenase). A negative bias was found ( -16.6%), which ranged from -2.4% to -27.8% (tab. 10). According to the guidelines (1), a bias up to ±24% is acceptable. In a comparative study with native sera, good agreement was observed (tab. 3), the mean values differing by +1.6%. An influence of protein was not evident ( fig. 8 ).
Uric acid
The mean relative standard deviation was 1.4% (tab. 1). A small, but constantly positive bias was obtained in accuracy control with reference method values (+3.3%) (tab. 11), but never exceeding the limits of the guidelines: +18% (1). In a comparative study, the mean values differed by 3.9% due to a proportional error (tab. 3). At high protein concentration, uric acid is overestimated by 17.2% ( fig. 9 ), as shown by the analysis of ultracentrifuged sera. This was confirmed by the determination of native sera containing different protein concentrations ( fig. 10 ). ) Reference method method 0-c. (14)).
value as determined by the reference 1.20 -
Discussion
Bilirubin
Obviously accuracy control can be performed according to the new concept of quality assessment based on reference method values, as there were no signs of interference due to matrix effects from control sera.
Cholesterol
The Ektachem results agreed well with the reference method values of the control sera and were independent of the protein concentration.
Creatinine
As creatinine determinations are performed by a specific enzymatic reaction, it is not reasonable to calibrate the analyser by using "supplementary assigned values" obtained by Jaffe analyses, and which are contradictory to the intentions of the new concept (1). After calibration by "primary assigned values", good agreement with the reference method value was observed, i.e. Ektachem results approach the true values rather well. These findings were confirmed by studies with native sera using the Fuller's earth method, high performance liquid chromatography and an enzymatic procedure for comparison (2) . In the meantime, the Ektachem slides, which were used in this study (GEN 07), were replaced by slides GEN 05. GEN 05 slides do not show unlinearity at concentrations below 50 μηιοΐ/l (2) and are as accurate as the GEN 07 series. The influence of protein has to be considered, at least when its concentration exceeds 90 g/l. 
Glucose
The influence of protein must also be taken into account in the determination of glucose, in cases of hyperproteinaemia due to polyclonal as well as to monoclonal globulins.
Protein
A negative bias was expected in accuracy control using reference method values. From a previous study (3), it was concluded that methods using a correction with a sample blank underestimate the target values, whereas those without correction overestimate them. Hence the negative bias is absent in the study with native sera, where both field methods use a correction for sample blank.
Total glycerol/Triacylglycerols
Total glycerol measurements with Ektachem could not be evaluated conclusively by using reference method values of control sera: All control sera of both manufacturers (Behring-Werke, Boehringer Mannheim) seem to contain additives. These grossly interfere with the Ektachem method, which is well suited to the determination of native sera. At high protein concentrations, a small positive bias was found.
Urea
The negative bias in accuracy control using methoddependent assigned values is thought to be attributable to interfering compounds of the matrix, and it can be avoided by reconstitution of control sera with sodium carbonate solution (4). In any case, analyses of native sera were unaffected.
Uric acid
The small bias, which was observed with control sera and native sera, could be due to the assigned value of the Ektachem calibrator.
On the whole, one may conclude that accuracy control of the Ektachem system can be performed by using the reference method values of the control sera, with the exception of total glycerol and, to a lesser extent, of protein. The influence of protein can be studied by using samples prepared by ultracentrifugation, which is more realistic than using hyaluronate (5) . The results were confirmed by the analysis of native sera of different protein concentration and composition. The "ultracentrifugation" approach seems to be more conclusive than the use of native sera, as the analyte concentration changes homogeneously. In native sera both analyte and protein concentration vary unsystematically. The deviating results in hyperproteinaemia are probably due to an increase of viscosity, which alters the time course of the chemical reactions.
